A study was conducted to examine effects of mating systems composed of natural service (NS) and AI in swine on farrowing rate, litter size, and labor requirements. Sows and gilts were bred once per day via one of the following treatments (d l/d 2): NWNS, NS/AI, AI/AI, and NWnone. Gilts bred with NS/AI, AI/AI, and NS/ NS had higher (P < .05) farrowing rates than gilts bred with NS/none matings. Similarly, farrowing rates were higher (P < .05) in NS/AI than in NS/ NS gilts. Numbers of pigs born alive were greater (P e .051 in NS/NS, NS/AI, and AI/AI than in NS/ none gilts. In sows, a treatment x time interaction (P e .01) was present for farrowing rate. In the AI/ AI treatment, farrowing rate increased (P .01) from 70.0% (wk 1 through 3) to 88.5% (wk 4 through 10). Farrowing rates were 87.3, 93.2, and 76.0% in the NS/NS, NS/AI, and NS/none groups, respectively, and did not change (P = .72) over time. Sows bred via NS/NS and NS/AI had larger litters (P < .05) than NS/none sows. In the present study, if four or more sows and gilts were bred, then AI required less (P e .05) time per animal than NS. Furthermore, gilts required more (P < .05) time for breeding than sows. Results from this study demonstrate that gilts and sows responded differently to combinations of NS and AI in terms of reproductive performance. In addition, differences in labor requirements per sow or gilt between NS and AI matings were dependent on panty and daily breeding demands.
Introduction
Natural service (NS) commonly is accepted as being superior to AI in terms of reproductive performance of swine (Madden, 1959;  Parendis and Vandeplassche, 1961;  Parendis, 1962;  Aamdal, 1964;  Skjervold, 19751. However, in many of the previous studies comparing these two types of mating systems, sows and(or1 gilts were inseminated artificially only once during estrus, whereas sows bred naturally were mated at least twice ' The use of trade names in this publication does not imply endorsement by the North Carolina Agric. Res. Service of the products named or criticism of similar ones not mentioned. The technical assistance of G. Stambaugh, J. College, and R.
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Received June 14, 1991. Accepted September 24, 1991. (Madden, 1959; Aamdal, 1964) . Furthermore, most of the experiments were conducted in such a manner that NS and AI treatments seldom occurred on the same farm or at the same time (Parendis and Vandeplassche, 1961;  Parendis, 1962; Skjervold, 1975) . Consequently, effects of type of service, mating frequency, and production environment were confounded. In addition, labor and boar requirements associated with AI and NS have not been evaluated. As a result, the relative merits of each mating system, or any combination, remain obscure. The primary objective of the present study was to examine the effect of various combinations of NS and AI on reproductive performance in swine under standardized environmental conditions. A secondary objective was to estimate labor requirements associated with NS and AI matings.
Materials and Methods
General Procedures. A study was conducted using 417 and 253 Landrace x Large White sows and gilts, respectively, on a 2,OOO-sow, commercial swine farm in North Carolina. Sows and gilts used in the experiment were bred between September and November 11, 1988 and farrowed between December 27, 1988 and March 15, 1989 . Mean high, low, and average weekly temperatures within the production facilities during the experiment were 28.3 f 2.7, 16.4 f 3.1, and 22.4 2 1.8"C, respectively.
Routine management procedures on the farm were as follows. Gilts were moved from fishing buildings to pens (10 gilts/pen) in the breeding facility at 6 mo of age, given physical contact with a mature boar for 10 min each day, and bred at their first detected estrus. After breeding, gilts were moved to individual stalls. After lactation (mean length 24 d), sows were moved to individual breeding stalls and given auditory and olfactory contact with mature boars by allowing a boar to roam freely in an alleyway in front of the sow stalls. Beginning 3 d after weaning, sows were tested individually each day for estrus between 0730 and 1030 by the back-pressure test and exposure to boars.
Three days after breeding was completed, sows and gilts were moved to individual gestation crates in curtain-sided buildings and observed daily for estrus for 25 d. Sows and gilts that failed to conceive were rebred but not reallocated to the experiment. Sows and gilts were fed an average of 2.3 kg/d of a 15% CP diet composed of corn and soybean meal supplemented with vitamins and minerals (NRC, 1988) . On d 105 of gestation, sows and gilts were moved to individual crates in 11-stall farrowing rooms. During lactation, sows and gilts were fed a 17% CP lactation diet according to appetite. Estimated daily feed intake during lactation, measured by feed disappearance, was 4.9 f .7 kg/d.
Treatments.
At weaning (sows within parity) or estrus (gilts), animals were assigned randomly to one of four treatments: natural service + natural service RJS/NSI, natural service + artificial insemination [NS/AI), natural service + no mating (NUnone), and artifiCi81 insemination + artifkid insemination cAI/AIl. Animals were bred once per day between 0730 and 1030 for two consecutive days according to their respective treatments. At least eight sows and six gilts were bred per treatment each week of the study. Only animals that exhibited estrus for 2 d were used in the experiment. Sows or gilts with shorter or longer periods of sexual receptivity were not included in the statistical analyses because of possible interactions among duration of estrus, mating frequency, and reproductive performance CTilton and Cole, 1982) . Sows and gilts were bred to a different boar each day of estrus.
For treatments with an AI component, seven billion sperm cells in a total volume of 60 mL were inseminated. Semen was collected from boars on the farm using a dummy sow and was inseminated within 2 d of collection. No effect on farrowing rate or litter size (P c .05) was observed due to length of semen storage. Mean percentages of motile and morphologically normal spermatozoa from semen collected during the experiment were 86.7 f 5.4% and 95.3 f 7.19' 0, respectively. Beltsville thawing solution (Purse1 and Johnson, 1975) was the semen extender used for AI matings. Boars used for AI matings also were used for NS matings. Boars were used five times or less per week and no more than twice per day. For NS matings, sows and gilts were bred in breeding pens. For AI matings, sows and gilts were bred in individual stalls. Three breeding technicians performed the experimental matings and were assigned at random to the four treatments.
The physical arrangement of the two breeding areas used in the study was as follows. Each was composed of 30 individual stalls, 6 breeding pens, 15 boar pens, and 2 group pens for housing replacement gilts. Individual stalls for sows and gilts and boar pens were located on the east and west ends of each building, respectively. Breeding pens and pens for replacement gilts were located in the middle of each building. One of the breeding pens in each facility was modified for collection of semen for AI. A small laboratory connecting the two breeding areas was used to prepare semen for insemination. The two breeding areas were adjacent to one another and separated only by a short corridor and the semen preparation laboratory.
Collection of Data. Farrowing rate was determined each week and was calculated by dividing the number of animals that farrowed by the number of animals that were bred. The number of pigs born alive, born dead, and total number born were recorded for each animal that farrowed.
Labor requirements per sow or gilt were estimated by measuring the time required to perform routine activities associated with NS and AI matings. Detection of estrus and supervision of animals during breeding were routine activities associated with NS. Detection of estrus, collection, processing, and insemination of semen, and cleaning insemination equipment were routine jobs associated with AI. For AI matings, the time involved with collection and preparation of semen and cleaning equipment was distributed equally among all sows bred with a fraction of the collected ejaculate. For example, if 20 min was required to collect and process an ejaculate from which 10 matings resulted, then 2 min was added to the labor requirement for each sow mated. The time associated with routine activities for each type of mating was recorded without the knowledge of the breeding technicians by an individual not employed by the farm.
Statistical Analyses. Data were analyzed using the GLM procedure of SAS to examine the effects of parity, time (week of the study), technician, treatment, and all interactions (SAS, 1988) . The number of pigs born alive, born dead, and total number born were analyzed by procedures for continuous data (Snedecor and Cochran, 1980) . Procedures for evaluating categorical data (Koch et al., 19771 were used to analyze farrowing rate, No differences (P = .85) due to breeding technician were present. Therefore, the effect of this independent variable was not included in subsequent analyses. Boar effects were not evaluated, because all female swine that received two services were bred to a different boar each day of estrus.
Initial analyses revealed a treatment x parity x t h e interaction for farrowing rate (P e .031. Consequently, gilts (parity 11 were analyzed separately from sows (parities r l ) . The statistical model for sows included treatment, time, parity, and appropriate interactions. Number of pigs weaned, lactation length, and weaning to estrus interval during the previous parity were included as covariates. Statistical analyses of farrowing rate for sows revealed a time x treatment interaction (P e .011. As a result, modifications of the statistical model were used to determine changes over time within each treatment (Steel and Torrie, 1980 ).
The statistical model for gilts included treatment, time, and the treatment x time interaction. The age at breeding was included as a covariate.
Comparisons among means in all analyses were made using a protected lsd test (Snedecor and Cochran, 1980) .
The time required per sow or gilt to complete NS and AI was analyzed by the GLM procedure of SAS to examine the main effects of parity (sows or gilts), type of mating (NS or AI), number of animals bred with each type of mating per day (one to eight), time (week of study), technician, and all appropriate interactions (Snedecor and Cochran, 1980) . Initial analyses indicated that the main effects of technician, time, and their interaction were not significant and these independent variables were excluded from subsequent analyses. An interaction between type of mating and number of animals bred per day was present (P < .05).
Modifications of the statistical model were made to determine differences between AI and NS for each number of animals bred per day (Steel and Tome, 19801 .
Results
The mean age at breeding for gilts assigned to each treatment is shown in Table 1 and did not affect (P = .85) farrowing rate or litter size. Mean parity, previous number of pigs weaned, previous lactation length, and previous weaning to estrus (postweaning) interval for sows allocated to each breeding treatment are shown in Table 2 . Previous number of pigs weaned Ip = .54, previous lactation length (P = .35), and previous weaning to estrus interval CP = .47) did not influence reproductive performance. In contrast, significant effects of parity on farrowing rate and number of pigs born alive were present for multiparous sows (Table 31 . In general, sows in parities 3 through 7 had higher (P e .05) farrowing rates and larger ( P e .05) litters than second-parity sows and sows that farrowed eight or more litters.
Differences among treatments in reproductive performance of gilts are shown in Table 4 . Farrowing rate was greater (P < .05) in NS/AI, AI/AI, and NS/NS than in NS/none gilts. Furthermore, the NS/AI combination resulted in higher (P e .05) percentages of gilts farrowing than the NS/NS treatment. Both number of pigs born alive and total number born were greater (P .05) in gilts bred via NS/NS, NS/AI, and AI/AI than in those receiving NS/none matings.
Effects of treatment on litter characteristics for multiparous sows are presented in Table 5 . Number of pigs born alive was higher (P < .05) in NS/ NS and in NWAI sows than in NS/none sows. In A week x treatment interaction (P < .01) was present for farrowing rate for sows (Figure 1) . Farrowing rate did not change over time (week of study) in the NS/NS, NS/AI, or NS/none treatments. In contrast, it increased (P < .Oil from 70.0°/0 during wk 1, 2 , and 3 to 88.5% during wk 4 through 10 in the AI/AI treatment. Mean farrowing rates during the last 7 wk of the study tended to be greater (P < .081 in NS/AI (93.7%) than in NS/NS (88.6%) and AI/AI (88.5%) treatments. In addition, all treatments receiving two services had higher (P < .05) farrowing rates during the final 7 wk than did the NS/none group (78.3%). Table 6 shows the time required to perform routine activities associated with NS and AI on a 
Discussion
The NS/none treatment was included in the present study to provide an estimate of potential effects of mating frequency on reproductive performance. In general, farrowing rate and number born alive were 12% and 1.4 pigs greater in sows and gilts mated twice (NWNS) than in those bred only once (NShone). Because both groups of animals received only natural matings, the observed differences were probably due to the proximity of fertile matings with the onset of ovulation, which should increase as the number of services during estrus increases (Dziuk and Polge, 1965;  Dziuk, 19701. Nevertheless, the magnitude of the differences between one and two natural matings demonstrates the importance of standardizing frequency of mating when attempting to evaluate reproductive performance associated with various breeding techniques. Consequently, interpretation of results from previous studies comparing AI and natural service is difficult because effects of type of service were confounded with mating frequency.
The observation that farrowing rate in sows improved during the course of the experiment in the AI/AI group makes comparisons with other treatments difficult. Apparently, some procedures associated with AI on the first day of estrus initially were more difficult to perform in sows than those associated with NS. Two aspects of AI that commonly are implicated when reproductive performance is suboptimal are semen processing and detection of estrus (Melrose, 1966; Polge, 1978; Reed, 1982) .
In the present study, it is unlikely that poor insemination and semen handling procedures contributed to the low farrowing rates for sows in the AI/AI treatment during the first 3 wk. If technical problems with semen handling did occur, then farrowing rates in gilts bred via AI/AI during this period should have been similar to those observed in sows because both gilts and sows, on any given day, were bred with inseminations from the same ejaculate and usually by the same technician. In contrast, farrowing rates of gilts in the AI/AI group did not change over time during the study.
It is possible that deficiencies in estrus detection in the AI/AI treatment for sows may have existed during wk 1 through 3. Even though the initial identification of estrous sows was standard for all treatments, sows receiving NS matings had to be mounted by the boar for breeding to occur. Consequently, the willingness of the sow to be mounted by the boar for NS was one verification of the accuracy of estrus detection for this type of mating. In contrast, no validation was possible for AI matings in sows, because boars were not allowed to mount sows in estrus. Thus, initially, estrus detection procedures may have been less accurate with AI than with NS. This, in turn, may have influenced the timing of matings relative to Vreatment x time interaction (P < .01).
'*YMeans i n the same row lacking a common superscript letter differ (P c .05). ovulation and subsequent fertility (Dziuk and Polge, 1965; Dziuk, 1970; Polge, 1978) . However, we cannot explain the absence of a treatment x time interaction in farrowing rate for gilts subjected to estrus detection procedures similar to those used for sows.
The observed superiority in farrowing rate of the NS/AI combination over the NS/NS treatment in gilts may be indicative of an advantage of AI matings in certain situations. Based on elevations in concentrations of corticosteroids during copulation, it has been proposed that many of the activities associated with NS in swine represent a form of stress for sows and gilts a p t r a p , 1970; Barnett et al., 1982) . The number of matings that are terminated by the sow or gilt during natural matings commonly are cited as support for this 
treatment.
concept (Hemsworth et al., 1989) . In the present study, 30% and > 70% of the NS matings were terminated by the gilt on the first and second day of estrus, respectively. In contrast, 20% of all AI matings were disrupted by the gilts (W. L. Flowers, unpublished datal. Consequently, it is possible that AI may be less stressful on the sow or gilt because she is not required to support the weight of the boar during mating. This may be particularly relevant when applied to gilts due to normal weight differences between gilts and mature boars. Clearly, relationships between type of mating, panty, stress inherent to the breeding process, and reproductive performance warrant further investigation. In addition to reproductive performance, the time required to complete routine activities associated with AI and NS matings was evaluated. From a qualitative standpoint, it commonly is stated that AI should reduce labor requirements per sow (Melrose, 1966; Reed, 1982) . However, quantification of this relationship has received little attention. The observation that differences in labor requirements between AI and NS were related to daily breeding demands was not surprising. In the present study, collection of semen required considerably more time than any other routine activity unique to AI and was independent of daily breeding requirements. Consequently, as the number of sows and gilts bred from one ejaculate increased, the amount of time required for collection of semen decreased on a per-animal basis. Under the conditions of the present study, any time four or more sows or gilts needed to be bred on a single day, AI significantly reduced the amount of time required for breeding.
In summary, our study demonstrated that if a sow or gilt exhibited estrus for 2 d, then two matings 24 h apart resulted in larger litters and higher farrowing rates than a single natural mating on the f i s t day of estrus. This observation demonstrates the importance of standardization of mating frequency when comparing different breeding techniques. In addition, NS on the fwst day of estrus followed by AI 24 h later consistently resulted in higher farrowing rates than two NS or AI matings. This was particularly evident in gilts and may be related to differences between treatments in stress-related events normally encountered during mating. Finally, estimates of labor requirements associated with AI and NS were evaluated. These were influenced by parity and daily breeding demands. If four or more sows and gilts were to be bred, then AI required less time than NS. In addition, gilts required more time for breeding than sows regardless of type of service.
Implications
In the present study, natural service on the first day of estrus followed by artificial insemination 24 h later consistently resulted in higher reproductive performance than exclusively natural or artificial matings. In addition, if four or more sows or gilts needed to be bred at one time, then artificial insemination significantly reduced the supervisory time required per mating. Thus, from a practical standpoint, incorporation of artificial insemination into breeding programs currently using natural service provides an opportunity to reduce labor requirements associated with breeding management without reducing farrowing rate or litter size.
